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[57] ABSTRACT 

A D-AMPS+ cellular communications air interface is pre- 
sented wherein a packet data control channel and packet data 
traffic channel is supported in addition to the conventional 
digital control channel and digital traffic channel. In 
particular, the packet data control channel and packet data 
traffic channel support multiple modulation level operation 
(high versus low). Procedures are provided for mobile 
station selection, as well as re-selection, of either the high or 
low-level modulation for the packet channels. Procedures 
are further provided for facilitating a fall-forward to the 
high-level modulation packet data control channel, or a 
fall-backward to the low-level modulation packet data con- 
trol channel with respect to both uplink and downlink packet 
data communications. 
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SUPPORT OF MULTIPLE MODULATION communications. This is not a preferred solution as some 

LEVELS FOR A CELLULAR PACKET communications data loss or interruption in communications 

CONTROL CHANNEL continuity may occur. 

R APTrrDniTMn nc xltc iKn/cxmnxr A modifica tion of the D-AMPS system has been proposed 

BACKGROUND OF THE INVENTION 5 (referred to as D-AMPS+) which would enable higher rate 

1. Technical Field of the Invention communications without the need for multi-slot operation. 
The present invention relates to the air interface of a For Voicc commu rications, a high-rate vocoder is used to 

cellular telephone network and, in particular, to an air P rovide higher quality digitized speech, and a high-level 
interface of a cellular telephone network supporting a packet modulat ion (HLM) scheme providing more bits per trans- 
control channel for data communications 10 mitted s y mbol > such as sixteen level quadrature amplitude 

2. Description of Related Art modulation (16-QAM), is then implemented on the digital 

The TTA/pia int.r, m ^»A„A ic 11* a • • * traffic channel to increase the payload capable of being 

fa^of^ri^J™^ ™ mter_ Carried * each drae slot " ™ e « of hi ^^vel modulation 

™ e ^ llal danced mobile phone service ^ complementary to multi-slot operation to achieve the 

7 "! T, 1 aU v C i^ d ^ & ? qiienCy " » capacity in a radio channel of a given bandwidtn 

channel is divided mto 6.67 millisecond (ms time slots, reasons . First> it preserves ne £ ork d Second . 

ml^cSr^ division mimmizes powcr ^mp*m in the mobile station, result- 

multiple access (TDMA) block. The modulation scheme mg m a longer lalk dme it facilitates co^i^ 

used is differential quadrature pha^ shift keying (DQPSK), M m ^ bilc statio 8 n operation ^ ffia ^ ^^S^S 

^Si^^tr ^ T tb T- hUQdrcd 'during idle Urn' slots TtT^y, 

sixty two symbol (of two bite each) per time slot. D . AMPS+ mamtai[B ^ same air intcrfacc ^ stmcture ^ 

I wo types of channels are defined for the conventional air circuit switched data as in D-AMPS, thus insuring backward 

interface: the digital control channel (DCCH) and the digital compatibility, while simultaneously providing for tosher 

traffic channel (DTC). The digital control channel is a ^ throughput due to its support of a high-level modulation 

multi-user channel that is used for controls and services such scheme 

H VM^ffi T heD 1 ticati0n ' CaU . SeUu P> f d like " ™ e An enhancement of the D-AMPS system has also been 

£ 0113111161 * t a ™ swlt ^ d ™& Prosed which would facilitate the support of packet data 

,tZ hfV S aSS1?Ded ?/ SCt " UP ^ haDd ° ff u ^ iS co ^nications over the air interfaced compatibility 

used to handle a voice and/or data communication between 30 with the cellular digital packet data (CDPD) network. In the 

TZf t ' n S ^of d ^TV" 3 fiXCd ° r ° thcr enhaDced D-AMPS sys te m , two new types of packet data 

do !b ra£ ^d K 1 S K PPOrt f chaDDels are P f0vided 7116 first is a P a <* et channd 

double-rate and triple-rate digital traffic channels for user ( PC CH) which comprises a multi-user channel much like the 

datacommunicationsusingon^twoand three timeslotsper previoilsly described digital control chaQnel (DCCH) and 

diock, respectively 35 ^ used fof contTQ]& md seMce& ^ as 

On the downlink over the D-AMPS air interface, every authentication, call set-up, and the like, as well as for the 

time slot, whether used for a digital control channel or a transmission of data packets. The second is a packet traffic 
digital traffic channel, carries one-hundred thirty symbols of channel (PTCH) comprising a single user channel much like 

user information. This equates to a transfer of two-hundred the previously described digital traffic channel (DTC) again 

sixty bits of user information every twenty milliseconds. 4 o assigned at call set-up, and used to handle a packet data 

rhus, each slot supports a communications rate of thirteen communication between users. The structure of these chan- 

kilobits per second (kb/s). In practice, however, the actual nels is very much like that of the D-AMPS channels and the 

information transfer rate is much less due to the inclusion of channels utilize the relatively low-level differential'quadra- 

errorprotection bits. For example, voice traffic is transmitted ture phase shift keying (DQPSK) modulation scheme 

over a full-rate digital traffic channel using approximately 45 Again, multi-slot (up to three slots for triple-rate) operation 

five kb/s of error protection for the approximately eight kb/s of the channels is supported providing a maximum agere- 

of digitized speech provided by a vocoder. For data traffic, gate user payload of approximately thirty kb/s Similar 

on the other hand, the transmission over a full-rate thirteen drawbacks as discussed above with respect to digital traffic 

kb/s digital traffic channel is made with a corresponding data channel multi-rate operation are encountered with multi-rate 

rate of 9.6 kb/s. 50 packet channel operation. 

The permitted data rates for voice and data communica- The D-AMPS+ system discussed briefly above further 

tions over the digital traffic channel may be increased if proposes the carrying of higher rate data communications 

double-rate or tnple-rate traffic channels are used. The main without the need for multi-slot operation on the packet 

difficulty or drawback with the use of multi-slot (i.e., multi- channels. It is noted that because the packet control channel 

rate) operation is that the mobile stations which are being 55 is a multi-user channel, it is impractical to adapt its modu- 

used for the communications utilize idle digital traffic chan- lation to every accessing mobile statioa Accordingly two 

nel time slots, where no communications over the air inter- different packet control channels are denned The first is the 

face with the ba^c station are being made, to make mobile enhanced D-AMPS specified, low-level modulation (LLM) 

assisted handoff (MAHO) measurements of the received differential quadrature phase shift keying (DQPSK) packet 

signal ^strength from neighboring base stations. When con- 60 control channel The second is a packet channel utilizing a 

ngured for tnple-rate voice or data communications, the high-level modulation (HLM) scheme such as sixteen level 

mobile station is in essence communicating continuously, quadrature amplitude modulation (16-QAM) Similarly a 

which leaves no time for making signal strength measure- high-level modulation packet traffic channel is specified for 

ments. Frame stealing, wherein the mobile station interrupts use in addition to the enhanced D-AMPS specified low-level 

communication for one or more time slots to make signal 65 modulation packet traffic channel. Mobile stations capable 

strength measurements has been proposed as a possible of operation using only the low-level modulation scheme 

solution to support multi-slot, and in particular triple-rate, (i.e., enhanced D-AMPS only mobiles) are assigned to use 
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the low-level modukiton pactaoontrol channel and packet/ uplink data communications using the high-level modula- 

digital traffic channels. D-AMPS+ mobfle stations, on the Uon packet daU control channel 

other hand, may be assigned the high-level or low-level a ih.vn „r tu j j c 

Ssr , i ™,* „«, ™„ TO » rE^rsss^^jsr , 1 ; 

c u r> a^^o downlink data communications. In response to an unsuc- 

For such D-AMPS + mobile stations, a mechanism is cessful downlink data communication on the hieh-level 

needed for effectuating the selection of and a transition of modulation packet data control channel, a retransmSion is 
operation between the low-level and high-level packet io attempted. If a threshold number of retransmtS are 

control/traffic channels with respect to packet data commu- attempted without success, the base station switches to 

mcations. The present invention provides such a mechanism communicate using the low-level modulation packet data 

for use in connection with the low/high-level modulation control channel. In the meantime, the mobile station waits 

packet control channels. for a dowDlink ^ with every ^ ™ 

SUMMARY OF THE INVENTION 15 downli f data communication, a timer is reset. If the timer 

expires before a next downlink communication is received, 

In a D-AMPS+ cellular system, the communications air me mobile station switches to receive further communica- 

interface supports the conventional digital control channel ^ns from the base station over the low-level modulation 

and digital traffic channel. In addition, the air interface packet data control channel. 

supports two packet data control channels (one high-level 20 A fourth one of the procedures defines the process for 

modulation and one low-level modulation) and two packet having the mobile station and base station fall-backward 

data traffic channels (again, one high-level modulation and from a high-level modulation packet data control channel to 

one low-level modulation). a low-level modulation packet data control channel for 

A procedure is provided for defining idle mobile station uplink data communications. In response to an unsuccessful 
operation to select the high-level modulation or a low-level 25 u ptmk data communication on the high-level modulation 

modulation packet channels to be used for packet data P a <*et data control channel, a retransmission is attempted. If 

communication. In accordance with this selection a threshold number of retransmissions are attempted without 

procedure, the mobile station attempts an access (i.e., tuning success, the mobile station switches to communicate using 

to, synchronizing with and reading) on the high-level modu- toe low-level modulation packet data control channel, 

lation packet control channel. If the access is successful and 30 ™™ _ 

signal quality is sufficient over a certain measurement BRIEF DESCRIP ™N OF THE DRAWINGS 
period, the high-level modulation packet channels are A more complete understanding of the method and appa- 
selected. Otherwise, the low-level modulation packet chan- ratus of me present invention may be acquired by reference 
nels are selected. The process for attempting high-level 10 me following Detailed Description when taken in con- 
modulation packet control channel access and monitoring junction with the accompanying Drawings wherein- 
measured quality continues while the mobile station remains FIGS. 1A to 1C are block diagrams illustrating the chan- 
ge tor the purposes of effectuating a re-selection, as nel content of the air interface in a digital advanced mobile 
needed, to the high or low-level modulation packet channels. phone service (D-AMPS) system, an enhanced D-AMPS 

Aplurality of procedures are further provided for defining 4Q system, and a D-AMPS+ system, respectively; 

system operation when a mobile station and base station are FIGS. 2Aand 2B are state transition diagrams illustrating 

engaged in a data communication using the high or low- D-AMPS+ mobile station operation using low-level modu- 

level modulation packet control channel. These procedures lation or high-level modulation for packet control channel 

facilitate a fall-forward to the high-level modulation packet communications- 

data control channel or a fall-backward to the low-level 45 FIG. 3 is a flow diagram illustrating the process for 

2!Tr fv a " rantr ^ °- AMPS+ mobile sta *m selection aJ« .selecuon of a 

uplink and downlink communications. packet COQtrol channel . 

A first one of the procedures defines the process for FIG. 4 is a flow diagram illustrating in the context of an 

having the mobile station and base station fall-forward from ongoing downlink packet contrS channel da™ 
a low-level modu lation packet data control channel to a 50 communication, D-AMPS+ systera oiemio ^perform a 

high-levelmodulationpacketdatacontrolchannelfordown- fall-forward operation: operation to pertorm a 

link data communications. The frame re -transmission rate err « ; c a fl rt . a- n . • 

and the bit error rate for the downlink data communications on ™ Q 5 " * * °J f*™ ' m the context of « 

are monitored. If the monitored rates are acceptable over a nTS f data communic ation, 

minimum number of downlink data communications, a 5S 0 ° p ^on ^ ° ? * * PCrf ° m * faJ1 - forward 

switch is made by the mobile station and base station to ™ r /. fl 

continue downlink data communications using the high- flo ^. dl i a g ram illustrating, in the context of an 

level modulation packet data control channel ongoing downlink packet control channel data 

A second one of the procedures defines «he process for tSSS^^T^ ° Perati ° n '° ' 

having the mobile station and base station fall-forward from 60 mr i ; e » a- - - 

a low-level modulation packet data control channel to a , v J* 8 ™ ^f^g, in the context of an 

high-level modulation packet data control channel for uplink nTS ^ F ™ ^ communicati °n, 

data communications. The frame re-transmission rate and «^ V * ° Peratl0D t0 perf ° rm a fall - ba ckward 

the bit error rate for the uplink data communications are ° D " 

monitored. If the monitored rates are acceptable over a 65 DETAILED DESCRIPTION OF THE DRAWINGS 

minimum number of uplink data communications, a switch Reference is now made to FIG. 1A wherein there is shown 

is made by the mobile station and base station to continue a block diagram illustrating the £m^^^Sr 
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interface 10 in a digital advanced mobile phone service modulation dieital traffic channel fnrr\ ->-j (a d ^ -u a 

0>-AMPS) system 12. The air interface 10 Sports radio above), Z ^sffievef mogadon 

frequency voice and data communications between a mobile (LLM) packet control Xnndff rrm^Jn modulation 

O^h™ T tS? "tt^ 8 Wh (BMI)) - * 'bove), as well as a packet control channel (PCChT-oI 

,^nn P , n HZ D *V? SySIem 12 (like 3 b3Se P^ t ^^^CH)62a D daa^ t ytraS ch^ 

nc^n "? "h"^ r^ mg Centel hom ^ ,or (° TC ) M - T» P«*« control channel^ is a mul.i^ 

ocation center, and the like) are known to those skilled in channel thai is used for controls and services such as 

« *£. n it?™' 0V ™ m ° rdcr to simplify me fllustra - registration, authentication, call set-up, and the like and is 

sZ^T f e " U f r * te * ce 1« ^entionally ]0 also used for packet data transmissions. The packe't traffic 

mn?S? Z ^ST^J* control channel channel 62 is a single user channel that may be allocated for 

(DCCH) 20 and the digital traffic channel (DTQ 22. The use when packet data transmission is needed and then used 

digital control channel 20 B a multi-user channel that is used to handle a packet data communication between users The 

for controls and services such as registration, authentication, digital traffic channel 64 is also a multi-user channel that is 

call set-up, and me like. The distal traffic channel 22 is a M circuit switched and used for voice communic tionl 

single user ^ channel that is assigned at call set-up and between users. Unlike the conventional D-AMPS or 

nandorl, and is used to handle a voice and/or data commu- enhanced D-AMPS channels 20, 22, 40 and 42 the structure 

mcation between users. A relatively low-level modulation of the D-AMPS+ packet control and packet traffic channels 

s Mke m tmnS P " Smg , dafferemial quadrature phase 60 and 62, and digital traffic channel 64, utilizes a relatively 
shift key.ngpQPSIQ.s used for communicating over either M high-level modulation (HLM) scheme comprising for 

the digital control channel 20 or the digilal traffic channel 22 instance, sixteen level quadrature amplitude modulation 

daUO V ° 1Ce ' UP '° thlCC Sl0tS f ° r < 16 - QAM ) 01 e 'g ht lev el Phase shift keying (8-PSK). 

*„' f . A mobile station capable of operation using only the 
. h ^ nceKno " m f^ toF [ G l Bw ^mthereisshown low-levcl modulation (LLM) scheme (comprising for 
a block diagram illustiating the channel content of the air M example, the conventional D-AMPS mobile station 14 or the 
interface 30 in an enhanced D-AMPS system 32. The air enhanced D-AMPS mobile station 34), uses only the low- 
interlace 30 supports radio frequency voice and data com- level modulation for communications over the dieital con- 
municauons between a conventional D-AMPS mobile sta- tool channel 20, digital traffic channel 22, packlt control 
tion 14 and/or a mobile station 34 and a base station 36 (also channel 40 or packet traffic channel 42. A D-AMPS+ mobile 
referred to as a base station/mobile switching center/ 30 station 54, on the other hand, may selectively utitize either 
interworkmg unit (BMI)). Other components of the low-level modulation or high-level modulation For corn- 
enhanced D-AMPS system 32 (like a base station controller, munications using the digital control channel 20 only low- 
mobile switching center, home/visitor location center, and level modulation is supported by the air interface 50 and 
the like) are known to those skilled in the art, and are not hence is used by the mobile station 54 and base station 56 
shown m order to simplify the iUustration. The enhanced 35 For communications over either the packet control channels 
£™F n 532? u "* ■ UlterfaCe 3 .° SUPPOrtS *» C0Dven - 40 0r <0 or P ackel ^ « 62, or the digital 

chTniur^ °? m ?? m l ** digitl1 C ° n,ro1 ' raffic chiumek 22 or M > howevw > «*•«• low-level modTua- 

channel (DCCH) 20 and the digital traffic channel (DTC) 22 tion and higb-Ievel modulation is supported by the air 

Sccrnlo^' aS vT? t a K Pack V^S! channel kterflce 50 - ^ to mobile s,ation 54 ^ station 

ZT^L i ?l Pa ^' traffic , channel (PTC") «• The 40 56 may selectively choose, and if necessary switch among 
packet control channel 40 is a multi-user channel that is used and between, low-level modulation and high-level modula- 
te controls and services such as registration, authentication, tion for its packet data communications depending on a 
call set-up and the tike, and is further used for the trans- number of factors including channel conditions (such as 
mission of data packed. The.packet traffic channel 42 is a interference, bit error rate, word error rate, fading rate and 
single user channel that may be allocated for use when 45 the like). 

r^l^,"^ 011 i r Q6 ^ ed Md theD USCd to haDdle ,n "V even1 ' °P« ati ° n of the system using the high-level 

a packe da a communication between users. As with the modulation for data communications (uplink or Stink 

convenuonal D-AMPS channels 20 and 22, the structure of control or traffic, circuit or P acket)r P rSei becauToft 

and n P iTf I 0 " r k f l twffic Cbannek 40 mherent relative effic ^ beCp"lrman^e & 
and 42 utilizes a relaUvely low-level modulation (LLM) 50 high-level modulation scheme requires a hX^'annel 

Lt moP^ nSmg " ,Ure PhaSe k6y ' "* is thus more to chtneSa 

D C , dallon and mobile station speed. Accordingly, appropriate 

a h ^ r H nMKn0 ^ m f d ^ OF i G l C ^? reinthereissh0WD P r0Cedllres must <* implemented to give preference t 

a block diagram ^v,stra tlng the channel content of the air operation in high-level modulation, white at foe same time 
mterface 50 in , , D-AMPS* system 52^ The air interface SO 55 supporting low-level modulation operation, tdTyna^c 

supports radio frequency voice and data communications change between low and high, when channel conditions so 

between a convenuonal D-AMPS mobile station 14, a warrant. ">noiuons so 

mobile station 34 and/or a D-AMPS+ mobile station 54 and Reference is now made to FIGS 2A and 2B wherein there 

a base stanon 56 (also referred to as a base station/mobile is shown a state transition diagram mZafmg D A^Ps" 
swuching center/mterworking unit (BMI)). Other compo- « mobile station 54 and base station 56 oWation^t 

ZtnX °: AMP S + h s ^ m 52 Ote a base station low-level modulation or high-letl modl^n loTpS 

controller, mobile switching center, home/visitor location channel 40, 42 60 or 62 communications K,r,rZl I 7, 

are not shown in order to sunpUfy Uie illustration. The is in idle mode, and starts with the mobik Station elecuS 

tion^n aJp^,, mterfaoe . 50 s !;PP° rts «»>ven- 6S 701ow-level modulation 41 using tlj Tpacket cont^, 3 

ttonal D-AMPS channels comprising the low-level modu- (PCCH-LLM) 40 and packet traffic channeHPTCH Ufcf» 

lation digiud cntrol channel (DCCH) 20 and the low-level 42 or selecting 72 highLe. modltit Z J^^St 
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SZS^St, nr W T','- „ „ channel 42 k stcp 102 ^ * «■* ™^ 

™ZiiT 8 u nG - 2B ' 1 18 now assumed that » P*** J" 5 ' previously been assigned to the high-level modulation 

contra channel data communication is underway (on either 61 mode (Le.. this is a re-selection 74), the assignment of 

the upbnk or the downlink) I between the mobile station 54 „ step 102 involves the exchange of messages witiTthe base 

and the base station 56. If me communication currently station 56 to effectuate and confirm the relkrtl 74 Tta 

4n f ,,% J mo^hllaUoI, 41 P ackel contro l chapel Process then returns in step 104 back to step 90 to repeat the 

40 a fan-forward state change 76rf (downlink) or 76« entire procedure again. If, instead, (he counter C, does 

(uplink) in the event channel quality is good may occur exceed the threshold (see, step 108), operation in high-level 

swifcbing mobile station 54 and base station 56 operation 1S modulation 61 mode using packet control channel 60 and 

with respect to continued data communication to the high- packet traffic channel 62 is assigned for selection 72 or 

level modulation 61 packet control channel 60. re-selection 74 in step 110. If the mobile station 54 has just 

Altema Uvely the communication utilizes the high-level previously been assigned to the low-level modulation 41 

modulation 61 packet control channel 60, a fall-backward mode (i.e., this is a re-selection 74), the assignment of sten 
sute change 78d (downlink) or 78« (uplink) in the event M 110 involves the exchange of me ssages with Ee s2 

channel quality degrades may occur switching mobile sla- 56 to effectuate and confirm the re-selection 74 The process 

™h t? 1 ^ " operation to the low-level then returns in step 104 back to step 90 to repeat the entire 

modulation 41 packet control channel 40. with respect to any procedure over again 

given uplink or downlink packet control channel data In packet control or traffic data communications a single 

TfaU S 78^ T "I 56 76 Tansmission of a plurality of packets. Eacn Mvtdua. 

or faU-forward 78 between low-level modulation 41 and packet forms a single OS1 model layer 3 message Trans 

high Jevel modulation 61 as often as is necessary (within mission of that single layer 3 me^e requS use S a 

certamoperatorspecifiedconstraints)mviewofconditions. plurality of OSI model layer 2 frames If a low-level 
lmltr 0 n^ 

™r U ° n ' ,,„„„,. . phase shift keying (DQPSK) is used, a certain number x of 

Reference is now made to FIG. 3 wherein there is shown layer 2 frames are needed for each single layer 3 message 

a ftowoMgramiUustratmg me process for D-AMPS+ mobile If, on the other hand, a high-level modulation (HLM) 

SSi' Z k? ra a°drc-"l«t™ 74 of low-level scheme such as sixteen level quadrature amplitude modu- 
modulatKm 41 or high-level modulation 61, respectively, as 3S lation (16-QAM) is used, a certain number y of layer 2 

in FIG. 2A. In step 90, the mobile station 54 tries to access frames (wherein y<x) are needed for each single layer 3 

(i.e tune to, synchronize with and read) the high-level message. In instances where a layer 3 message is sent in 

modulation packet control channel (PCCH-HLM) 60. If this high-level modulation using y layer 2 frames, delivery fails 

access is successful, as determined by decision step 92, the and a decision is then made to use low-level modulation the 
mobile station 54 makes a downlink signal quality measure- 40 layer 3 message must be resegmented into the x layer 2 

71° S n t * elmodul a tion Packetconlrolchannel 60 frames and completely resent in low-level modulation A 

(step 94). Ophonally, at or about the same time, the mobile complete retransmission is required because the beginnings 

station may transmit uplmk on the high-level modulation and ends of the x and y individual layer 2 frames comprising 

packet control channel 60 to enable the base station 56 to the layer 3 message do not necessarily correspond wiS, «ch 
make an uplink signal quality measurement (step 96). These 45 other. This is valid for both uplink and downlink transmis- 

base station 56 measurements, if made, are then reported sions. 

back to the mobile station 54. The quality characteristics Reference is now made to FIG 4 wherein there is shown 

measured by the mobile station 54 (and optionally the base a flow diagram illustrating, in the « of Z ongZ 

s ation 56) include: ^signal strength, bit error rate, word error downlink packet control channel ItrcomrSnkatton 
ra e,fa4ng rate and carner-to-interferenceraao.Ade.ermi- so D-AMPS+ system operation to 

natum is then made m decision step 98 as to whether the operation 7«<iof FIG. 2B. In step 130 Te basflS 

signal quality upbnk and downlink is sufficient for packet (also referred to as a base 

data communications. If either the access of step 90 was interworking unit (BMI)) consecutive. SSrf 

unsuccessful (see step 92), or the determined signal quality frames 132 within a given layeTrm^oter^he low 
uplink or downknk ^insufficient for packet data commu- ss level modulation packet control channT(PCCH iS 40" 

( f' P VT^ 1 * reS6t iD Step 100 "* then P oBs »4 the mobile station 54 regarding fhe 

c„S S 1 Zlr^^T 4 \ m ° deUS * glbe V ac] " 1 success of °* ^ansmission. If the sent plu^f^ames 

ffrSSS f*F^ m 40 ™ d r ke, , traffiC ChaDnel Wrc not corrcctl * received (» determined S noTby 

(PTOT-LLM) 42 is then assigned for selection 70 or the mobile station 54, the mobile station transmits a sua™ 
re-selection 74 m step 102. If the mobile station 54 has just 60 "Not OK" message lis to the base station sT^oyTZ 

mode (ix., tins is a re-selection 74), the assignment of step station 56 receives the status "Not OK" message 138 

11 f T'l ' 1"T With ^ SU ' i0n mdica,ive ° f faikd mobile ^tion recepUon oTo^or more 

56 to effectuate and confirm the re-selection 74. The process of the plurality of frames 132 or if no mesLee 138 il 

then returns m step 104 back to step 90 to repeat the entire <s received at all, a counter cZ is relet i ^ % The 

quality uphnk and downlink is sufficient for packet daU ones of the frames 132. If, on the other hand Z ™t 
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plurality of frames were correctly received (as determined in in decision step 184. If the counter C OK does not meet or 
step 136) by the mobile station 54, the mobile station exceed the threshold, the procedure returns to send 170 a 
transmits a status "OK" message 142 to the base station 56 next frame 172 within the given layer 3 message. If, 
back over the low-level modulation packet control channel however, the counter C OK does meet or exceed the threshold', 
40. The status "OK" message 142 further includes a value s a determination is made in decision step 186 as to whether 
indicative of the average bit error rate on the downlink for the last layer 3 message was sent completely (i.e., have all 
the previously sent 130 plurality of frames 132. If the base of the frames of the message been sent and received), [f not, 
station 56 receives the status "OK" message 142, indicative the procedure returns to step 130 to send the remainder of 
of correct transmission and reception of the plurality of the frames within that layer 3 message. If so, on the other 
frames 132, a counter C OK is incremented in step 144. The io hand, the procedure then determines in decision step 188 
counter C OK is then compared to a threshold in decision step whether the number of frames N in the layer 3 messages 
146. If the counter C OK does not meet or exceed the remaining to be transmitted to the base station meets or 
threshold as determined in step 146, the procedure returns to exceeds a certain minimum. If not, the procedure returns to 
send 130 a next plurality of frames 132 within the given or send 170 a remaining plurality of frames 172 within the 
another layer 3 message. If, however, the counter C OK does 35 remaining layer 3 messages. If, however, the remaining 
meet or exceed the threshold, a determination is made in number of frames meets or exceeds the minimum, the 
decision step 147 as to whether the last layer 3 message was mobile station switches to high-level modulation packet 
sent completely (i.e., have all of the frames of the message control channel 60 in step 190 and sends a fall-forward 
been sent and received). If not, the procedure returns to step command message 192 to the base station 56 using low- 
130 to send the remainder of the frames within the layer 3 20 levc l modulation. This command is then acknowledged in 
message. If so, on the other hand, the procedure then step 194 by the base station 56 with an appropriate message 
determines in decision step 148 whether the number of 196. In response to the message 192, the base station 
frames N in the one or more layer 3 messages remaining to switches to the high-level modulation packet control channel 
be transmitted to the mobile station is less than a certain (PCCH-HLM) 60 in step 198. The mobile station 54 then 
minimum. If so, the procedure returns to send 130 a remain- 25 sends 199 a next frame to the base station 56 over the 
ing plurality of frames 132 within the remaining layer 3 high-level modulation packet control channel 60. 
messages. If, however, the remaining number of frames Although FIGS. 4 and 5 illustrate procedures for fall- 
meets or exceeds the minimum, a determination is made in forward with respect to a downlink and an uplink packet data 
step 150 as to whether the average bit error rate (BER) communication, respectively, it will, of course, be under- 
reported in the status "OK" message 142 is less than a given 30 stood that alternatively the fall-forward process may be 
threshold. If not, the procedure returns to send 130 a effectuated through the use of the re-selection 74 procedure 
remaining plurality of frames 132 within the remaining layer of FIG. 3. In such cases, operation in low-level modulation 
3 messages. If, however, the average bit error rate is less 41 would continue until the packet data communication 
than the given threshold, the base station 56 sends a fall- terminated and the mobile station re-entered idle mode. At 
forward command message 152 to the mobile station 54 35 that point, the re-selection 74 and change to high-level 
using low-level modulation. This command is then acknowl- modulation 61 may take place. 

edged in step 154 by the mobile station 54 with an appro- Reference is now made to FIG. 6 wherein there is shown 

pnate message 156. In response to the acknowledgment a flow diagram illustrating, in the context of an ongoing 

message 156, the base station switches to the high-level downlink packet control channel data communication, 

modulation packet control channel (PCCH-HLM) 60 in step 40 D-AMPS+ system operation to perform a fall-backward 

158, and begins consecutively sending 160 a next plurality operation 78<* as in FIG. 2B. In step 200, the base station 56 

of frames 162 within the remaining layer 3 messages using (also referred to as a base station/mobile switching center/ 

the high-level modulation scheme. In the meantime, the interworking unit (BMJ)) consecutively sends a plurality 

mobile station 54 has also switched to the high-level modu- (certain number) of frames 202 within a given layer 3 

lation packet control channel 60 in step 164, and is awaiting 45 message over the high-level modulation packet control 

reception of the base station 56 packet data transmissions. channel (PCCH-HLM) 60, and then polls 203 the mobile 

Reference is now made to FIG. 5 wherein there is shown station 54 regarding the success of the transmission. In the 

a flow diagram illustrating, in the context of an ongoing meantime, a mobile station is awaiting reception of the 

uplink packet control channel data communication, frames, resets and starts a timer T t in step 204. A comparison 

D-AMPS+ system operation to perform a fall-forward 50 of the timer T a value to a time out value is then made in step 

operation 76« as in FIG. 2B. In step 170, the mobile station 206. If the timer 7 1 value is less than the time out value, the 

54 sends a single frame 172 within a given layer 3 message mobile station 54 continues to wait in step 208 for the base 

over the low-level modulation packet control channel station transmission 200 of the plurality of frames 202. If the 

(PCCH-LLM) 40. In response to a correct reception of the frames 202 are subsequently received 210 before the timer 

transmitted frame 172, the base station 56 (also referred to 55 T a exceeds the time out value, and the frames are correctly 

as a base station/mobile switching center/interworking unit received as determined in decision step 212, the mobile 

(BMI) ) transmits a shared channel feedback status "OK" station responds to the polling message 203 with a status 

message 174 back to the mobile station 54 over the low-level w OK" message 214 sent back to the base station 56 over the 

modulation packet control channel 40. Otherwise, a shared high-level modulation packet control channel 60. A deter- 

channel feedback status "Not OK" message 176 is sent. If 60 mination is then made in step 216 as to whether more frames 

the mobile station 54 receives the status "Not OK" message are expected to be received. If so, the mobile station pro- 

176, or fails to receive any status message, as determined by cedure returns to reset the value of the timer T, in step 204. 

decision step 178, this is indicative of an incorrect reception Otherwise, the procedure ends in step 218. If, however, any 

of the frame 172. A counter C OK is then reset in step 180. one of the sent plurality of frames was not correctly received 

The procedure then returns to step 170 to resend the incor- 65 by the mobile station 54 as determined in step 212, the 

rectly received frame. Otherwise, the counter is incremented mobile station transmits a status "Not OK" message' 220 

in step 182. The counter C OK is then compared to a threshold back to the base station 56 over the high-level modulation 
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packet control channel 60. The procedure further returns to 
await re-transmission of those frames, and the value of the 
timer Tj is reset in step 204. If the timer Tj exceeds the time 
out value before receiving an expected frame or frames, the 
mobile station 54 switches to the low-level modulation 5 
packet control channel (PCCH-LLM) 40 in step 222, and 
waits for base station 56 low-level modulation frame trans- 
mission. Any necessary actions may also be taken at that 
time to account for the reformatting of the layer 3 message 
for low-level modulation transmission. For example, if only 10 
a portion of a given layer 3 message was successfully 
received, it will have to be completely retransmitted, and 
thus the mobile station may dispose of the previously 
received portion. 

In response to receipt of the status "OK" message 214, the 15 
base station procedure returns to send 200 a next plurality of 
frames 202 within another layer 3 message. If the base 
station 56 instead receives the status "Not OK" message 
220, or fails to receive any message from the mobile station 
at all, a failure of the communication is assumed. A counter 20 
Cjf is incremented in step 224, and compared to a threshold 
in step 226. If the counter C R value is less than the threshold, 
the base station 56 returns to resend 200 the incorrectly 
received ones of the previously sent plurality of frames 202. 
If a status "OK" message 214 is thereafter received by the 25 
base station 56, the counter C R is reset in step 228, and the 
procedure returns to send 200 a next plurality of frames 202 
within another layer 3 message. If the counter C R value 
meets or exceeds the threshold, the base station 56 starts a 
timer T 2 in step 230, and switches to the low- level modu- 30 
lation packet control channel 40 in step 232. The value of the 
timer T 2 is set to give the mobile station 54 a sufficient 
opportunity to make the switch over to the low-level modu- 
lation packet control channel 40 (see, step 222). When the 
timer T 2 expires as determined in step 234, the base station 35 
56 reformats 236 the failed layer 3 message for low-level 
modulation transmission and sends 238 (step 130 of FIG. 4) 
the plurality of frames thereof over the low-level modulation 
packet control channel 40. 

Reference is now made to FIG. 7 wherein there is shown 40 
a flow diagram illustrating, in the context of an ongoing 
uplink packet control channel data communication, 
D-AMPS+ system operation to perform a fall-backward 
operation 78u. In step 240, the mobile station 54 sends a 
single frame 242 wthin a given layer 3 message over the 45 
high-level modulation packet control channel (PCCH-HLM) 
60. In response to a correct reception of the transmitted 
frame 242, the base station 56 (also referred to as a base 
station/mobile switching center interworking (BMI) unit) 
transmits a shared channel feedback status "OK" message 50 
244 back to the mobile station 54 over the high-level 
modulation packet control channel 60. The mobile station 
then sends a next single frame 242 within the given layer 3 
message to the base station 56. If the frame 242 is not 
received correctly, the base station 56 transmits a shared 55 
channel feedback status "Not OK" message 246 back to the 
mobile station 54. In response thereto, or in response to a 
failure to receive the shared channel feedback status mes- 
sage 244 or 246, a counter C R is incremented by the mobile 
station 54 in step 248, and compared to a threshold in step 60 
250. If the counter C,j does not meet or exceed the threshold, 
the procedure returns to resend 240 the incorrectly trans- 
mitted and received frame 242. If the frame 242 should 
thereafter be correctly received, and a shared channel feed- 
back status "OK" message 244 is received by the mobile 65 
station 54, the counter C R is reset in step 252. When the 
counter C R meets or exceeds the threshold, the mobile 
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station 54 switches to the low-level modulation packet 
control channel (PCCH-LLM) 40 in step 254. The layer 3 
message is then reformatted in step 256 for low-level 
modulation transmission. The procedure then sends 258 a 
frame 260 of the reformatted message over the low-level 
modulation packet control channel 40. The base station 56 
then waits to receive the low-level modulation frame trans- 
mission. Any necessary actions may also be taken by the 
base station at that time to account for the reformatting of the 
layer 3 message for low-level modulation transmission. For 
example, if only a portion of a given layer 3 message was 
successfully received in high-level modulation, it will have 
to be completely retransmitted, and thus the base station may 
dispose of any previously received portion. 

Although preferred embodiments of the method and appa- 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable 
of numerous rearrangements, modifications and substitu- 
tions without departing from the spirit of the invention as set 
forth and defined by the following claims. 
What is claimed is: 

1. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 
channel and packet traffic channel and further supporting a 
high-level modulation packet control channel and packet 
traffic channel, a method for packet channel selection by an 
idle mobile station, comprising the steps of: 

attempting to access the high-level modulation packet 

control channel; 
if the access is successful, measuring communications 
quality on the high-level modulation packet control 
channel; 

determining if the measured communications quality is 

sufficient for data communications; and 
if so, assigning the high-level modulation packet control 
channel and the high level modulation packet traffic 
channel as the selected packet channels for the mobile 
station. 

2. The method as in claim 1 wherein the step of measuring 
communications quality comprises the step of measuring 
both uplink and downlink communications quality. 

3. ITie method as in claim 1 wherein the step of deter- 
mining if the measured communications quality is sufficient 
further includes the step of confirming a continuity of 
sufficient measured communications quality before assign- 
ing the high-level modulation packet control channel and 
packet traffic channel as the selected packet channels for the 
mobile station. 

4. The method as in claim 1 wherein the step of assigning 
the high-level modulation packet control channel and packet 
traffic channel as the selected packet channels for the mobile 
station further comprises the step of exchanging messages 
with a base station confirming selection of the high-level 
modulation packet channels. 

5. The method as in claim 1 further including the step of 
assigning the low-level modulation packet control channel 
and packet traffic channel as the selected packet channels for 
the mobile station if either: the access of the high-level 
modulation packet control channel is unsuccessful; or the 
determined measured communications quality is insuffi- 
cient. 

6. The method as in claim 1 further comprising the step of 
repeating the steps of claim 1 following an initial selection 
of either the high-level modulation packet channels or the 
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low-level modulation packet channels to perform a 
re-selection of either the high-level modulation packet chan- 
nels or the low-level modulation packet channels. 

7. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 5 
channel and a high-level modulation packet control channel, 

a method for downlink packet control channel data commu- 
nications fall-forward, comprising the steps of: 

downlink sending of a plurality of communications 

frames over the low-level modulation packet control 10 

channel; 

responsive to a correct reception of the sent plurality of 
communications frames, incrementing a counter; 

comparing the counter to a threshold; 

downlink sending of a command to switch to the high- 
level modulation packet control channel if the counter 
meets or exceeds the threshold; 

switching to the high-level modulation packet control 
channel; and 20 

downlink sending of a plurality of communications 
frames over the high-level modulation packet control 
channel. 

8. The method as in claim 7 further including the step of 
confirming sufficient communications quality for data com- 25 
munications before sending the command to switch to the 
high-level modulation packet control channel. 

9. The method as in claim 8 wherein the communications 
frames are a portion of a message, and further including the 
step of checking if the message has been completely sent 30 
before sending the command to switch to the high-level 
modulation packet control channel. 

10. The method as in claim 9 wherein the message is a 
part of a communications transaction, and further including 
the step of identifying a number of frames remaining for 35 
transmission in the transaction. 

U. The method as in claim 10 further including the step 
of continuing transmission of the plurality of communica- 
tions frames over the low-level modulation packet control 
channel if either: the counter does not meet or exceed the 40 
threshold; the communications quality is insufficient; the 
message has not been completely sent; or the number of 
frames is less than a threshold. 

12. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 4 5 
channel and a high-level modulation packet control channel, 

a method for uplink packet control channel data communi- 
cations fall-forward, comprising the steps of: 

uplink sending of a communications frame over the 
low-level modulation packet control channel; 50 

responsive to a correct reception of the sent communica- 
tions frame, incrementing a counter; 

comparing the counter to a threshold; 

switching to the high-level modulation packet control 55 
channel if the counter meets or exceeds the threshold; 
and 

uplink sending of a communications frame over the 
high-level modulation packet control channel. 

13. The method as in claim 12 further including the step 60 
of attempting a retransmission of the communications frame 
over the low-level modulation packet control channel if the 
counter does not meet or exceed the threshold. 

14. The method as in claim 12 wherein the communica- 
tions frame is a portion of a message, and the step of uplink 65 
sending over the high-level modulation packet control chan- 
nel comprises the step of sending the message. 
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15. The method as in claim 12 wherein the communica- 
tions frame is a portion of a message, and further including 
the step of checking if the message has been completely sent 
before switching to the high-level modulation packet control 
channel. 

16. The method as in claim 15 wherein the message is a 
part of a communications transaction, and further including 
the steps of: 

identifying a number of frames remaining for transmis- 
sion in the transaction; and 

switching to the high level modulation packet control 
channel is the number exceeds a threshold. 

17. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 
channel and a high-level modulation packet control channel, 
a method for downlink packet control channel data commu- 
nications fall-backward, comprising the steps of: 

downlink sending of a plurality of communications 
frames over the high-level modulation packet control 
channel; 

responsive to an incorrect reception of the sent plurality of 

communications frames, incrementing a counter, 
comparing the counter to a threshold; 
switching for transmission to the low-level modulation 

packet control channel if the counter meets or exceeds 

the threshold; and 
downlink sending of a plurality of communications 

frames over the low-level modulation packet control 

channel. 

18. The method as in claim 17 further including the step 
of attempting a retransmission of the plurality of commu- 
nications frames over the high-level modulation packet 
control channel if the counter does not meet or exceed the 
threshold. 

19. The method as in claim 17 further including the steps 

of: 

starting a timer; 

waiting for reception of the plurality of communications 
frames; 

determining if the timer has timed out without receiving 

any frames; and 
switching to the low-level modulation packet control 

channel if the timer has timed out. 

20. The method as in claim 19 wherein: 

the steps of claim 17 are performed by an origination 

source of the plurality of communications frames sent 

on the downlink; and 
the steps of claim 19 are performed by a reception 

destination of the plurality of communications frames 

sent on the downlink. 

21. The method as in claim 17 wherein the plurality of 
communications frames are a portion of a message, and the 
step of downlink sending over the low-level modulation 
packet control channel comprises the step of resending the 
message, 

22. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 
channel and a high-level modulation packet control channel, 
a method for uplink packet control channel data communi- 
cations fall-backward, comprising the steps of: 

uplink sending of a communications frame over the 
high-level modulation packet control channel; 

responsive to a incorrect reception of the sent communi- 
cations frame, incrementing a counter; 
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comparing the counter to a threshold; over the high-level modulation packet control channel if the 

switching to the low-level modulation packet control counter does not meet or exceed the threshold. 

channel if the counter meets or exceeds the threshold; 24. The method as in claim 22 wherein the communica- 

and lions frame is a portion of a message, and the step of uplink 

uplink sending of a communications frame over the 5 sending over the low-level modulation packet control chan- 

low-level modulation packet control channel. nel comprises the step of resending the message. 

23. The method as in claim 22 further including the step 

of attempting a retransmission of the communications frame ***** 
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